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© DC current sensor. 



@ It ts an object of the present invention to 
provide a sensitive DC current sensor, which 
has a relatively simple construction and a de- 
tecting capability with a good linearity, against 
current variations in a wide range from a micro- 
scopic current to a relatively large current (e g 
about 0.2 A to 20 A). In the configuration,' 
wherein an exciting coil and a detecting coil are 
wound in a toroidal shape around a core con- 
sisting of an annular soft magnetic material, 
when a triangular waveform exciting current 
which produces a magnetic field exceeding a 
coercive force of the core is applied to the 
exciting coil, a direction of the magnetic flux in 
the core is inverted, whereby an absolute value 
and a direction of a DC current flowing through 
a lead wire being detected can be detected, by 
detecting an inverse timing by a pulse voltage 
produced in the detection coil for comparison 
measurement of th<=> pul^p intervals 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a DC current sen- 
sor, which is used in a wide field such as a current in- 
strumentation in maintenance of a switch-board con- 
trol circuit signal, detection of analog current signals 
from various sensors installed in large-sized equip- 
ments in a steel mil! and the like, and the current in- 
strumentation for controlling small-sized DC equip- 
ments, particularly, it relates to a sensitive DC current 
sensor having a relatively simple construction and a 
detecting capability with a good linearity, against va- 
riations in a wide range from a microscopic current to 
a relatively large current (e.g. about 0.2 A to 20 A). 

Description of the Prior Art 

In recent years, equipments using a DC current 
sensor are increasing in many technical fields, and for 
operating these equipments safely and smoothly, DC 
current instrumentation is inevitable and the sensitive 
DC current sensor is badly needed. As such DC cur- 
rent sensor, a hall device method, a magnetic ampli- 
fier method and magnetic multi-vibrator method are 
known (Japanese Patent Application Laid Open Nos. 
Sho 47-1644, Sho 53-31176, Sho 59-46859). 

The hall device method is constituted such that, 
a lead wire being detected is directly wound around a 
core made of a soft magnetic material, in which a hall 
device is disposed partly and a gap portion is formed, 
in a toroidal shape, whereby a magnetic flux variation 
in the core according to the variation of DC current 
flowing through the lead wire being detected is detect- 
ed directly by the hall device. 

The magnetic amplifier method and magnetic 
multivibrator method are that, a core made of soft 
magnetic material, around which a detecting coil is 
wound in a toroidal shape, is used, the lead wire being 
detected is disposed through the core, and by DC 
magnetic deflection of the core made of soft magnetic 
material within a saturated magnetic flux density (Bs) 
by the DC current flowing through the lead wire being 
detected, imbalance is produced at a time, where an 
alternating magneticf lux produced by applying an AC 
current to the coil wound around the core beforehand 
reaches saturation, in the positive and negative direc- 
tions, and the variation is detected by the detecting 
coil. 

In the magnetic amplifier method, since the mag- 
netic flux variation is produced in the core before- 
hand, it is constituted such that, an exciting coil is 
wound around the core to apply determined AC cur- 
rent therethrough, but in the magnetic multi-vibrator 
method, it is constituted such that, self-oscillation is 
produced by the operation of semiconductors and the 
like in a circuit connected to the detecting coil, and a 



duty ratio of the oscillation waveform is changed for 
oscillation responsive to an electric current being de- 
tected. 

Though the hall device method has a relatively 

5 simple construction and is easy to handle, since its 
detecting capability is inevitably decided by charac- 
teristics of the hail device, when the present known 
hall device is used, it is difficult to measure the elec- 
tric current of 20 A or less at a relatively high accuracy 

10 (about ± 2%) thus it is, usually, limited for use in a 
large detecting current (i. e. above 20 A). 

For example, though it is possible to use the hall 
device to amplify the detecting signal by an amplifier, 
an offset output caused by a coercive force of the core 

15 constituting the DC current sensor, and a drift caused 
by temperature characteristics of the hall device are 
large, thus it is necessary to adjust a zero point al- 
ways to realize the required high measurement accu- 
racy, results in a low particularly. 

20 Also, though it may be considered to wind the 

lead wire being detected around the core constituting 
the DC current sensor by several hundreds to several 
thousands turns or more, the DC current sensor be- 
comes larger and its use is large restricted; 

25 Meanwhile, though it is possible to measure a rel- 

atively small electric current by the magnetic amplifi- 
er method and magnetic multi-vibrator method as 
compared with the hall device method, the construc- 
tion becomes complicated and as previously descri- 

30 bed, a DC magnetic deflection is required so as to 
saturate the core made of soft magnetic material sub- 
stantially near to the saturated magnetic flux density 
(Bs), by the DC current flowing through the lead wire 
being detected, thus the lead wire being detected 

35 must be wound around the core by several tens to 
several hundreds turns or more responsive to the de- 
tecting current, thus its use is largely limited. 

Furthermore, since magnetic characteristic pe- 
culiar to the core itself appears in the output charac- 

40 teri sties as it is, the linearity is poor and the required 
high measurement accuracy can not be realized. 

As described heretofore, it is hard to say that, the 
conventionally known hall device method, magnetic 
amplifier method and magnetic multi-vibrator method 

45 are constituted to cope with the current variations in 
a wide range from a small current to relatively large 
current (e.g. about 0.2 A to 20 A), and at present, they 
are not practically used as the sensitive DC current 
sensor. 

50 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a sensitive DC current sensor, which solves the afore- 
55 mentioned problems, and has a relatively simple con- 
struction and a detecting capability with a good line- 
arity, against current variations in a wide range from 
a microscopic current to a relatively large current (e.g. 
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about 0.2 A to 20 A). 

As the result of various studies made on means 
for achieving the above-mentioned objects, in the 
most simple configuration where an exciting coil and 
a detecting coil are wound, in a toroidal shape around 5 
a core consisting of an annular soft magnetic materi- 
al, viewing the fact that, a direction of a magnetic flux 
in the core is inverted at the time of applying a trian- 
gular waveform exciting current which produces mag- 
netic field exceeding a coercive force a coercive force 10 
of the core, to the exciting coil, the inventors have 
found that, an absolute value of a DC current flowing 
through a lead wire being detected can be detected, 
by detecting the inverse timing by a pulse voltage pro- 
duced in the detecting coil for comparative measure- 15 
ment of the pulse intervals. 

The present invention is directed to a DC current 
sensor, which has been developed according to the 
above-mentioned learning, comprising: a core con- 
sisting of an annular soft magnetic material, wherein 20 
a lead wire being detected, through which a DC cur- 
rent flows for non-contact detection, is extended 
though; an exciting coil and a detecting coil wound 
around the core in a toroidal shape; whereby a trian- 
gular waveform exciting current which produces mag- 25 
netic field exceeding a coercive force of the core in 
the core is applied to the exciting coil, and the inverse 
timing of a direction of the magnetic flux in the core 
is detected by the pulse voltage produced in the de- 
tecting coil for comparison measurement of the pulse 30 
intervals, thereby an absolute value of a DC current 
flowing through the lead wire being detected is detect- 
ed. 

The DC current sensor of the present invention 
has a relatively simple construction, because it 35 
adopts, as a basic configuration, the most simple 
configuration, wherein the exciting coil and the de- 
tecting col are wound in a toroidal shape around the 
core consisting of the annular soft material. Also, 
since it is constituted to detect the absolute value and 40 
a direction of the DC current flowing through the lead 
wire being detected, by applying the triangular wave- 
form exciting current which produces the magnetic 
field exceeding the coercive force of the core, to the 
exciting core, and detecting the inverse timing of the 45 
direction of the magnetic flux in the core at that time 
by the pulse voltage produced in the detecting coil for 
comparison measurement of the pulse intervals, an 
electric circuit is not too complicated and a detecting 
capability with good linearity is obtained, against a 

w r->"'-. < ■■ ■ ■ ■ 



current sensor can be used more widely. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic explanatory view showing 
one embodiment of a DC current sensor of the pres- 
ent invention. 

Figs. 2(A to D) are explanatory views showing an 
outline of electrical signals at locations A to D in elec- 
tric circuits shown in Fig. 1. 

Figs. 3(A to E) are conceptional explanatory 
views showing a principle of operation of the DC cur- 
rent sensor shown in Fig. 1. 

Fig. 4(A) is an explanatory plan view showing an- 
other embodiment of a DC current sensor of the pres- 
ent invention, and (B) shows an explanatory front 
view thereof. 

Fig. 5Js a linear graph showing the relationship 
between DC current flowing through a lead wire being 
detected and an output in the DC current sensor of the 
present invention shown in Fig. 1. 

Fig. 6 is a linear graph showing the relationship 
between a DC current flowing through a lead wire be- 
ing detected and an output in the DC current sensor 
of the present invention shown in Fig. 1. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the following, the operation of a DC current 
sensor of the present invention is particularly descri- 
bed based on the drawings. 

Fig. 1 is a schematic explanatory view showing 
one embodiment of a DC current sensor of the pres- 
ent invention, wherein numeral 1 designates a main 
body of the DC current sensor. 

In Fig. 1, numeral 11 designates a core consisting 
of an annular soft magnetic material, wherein a lead 
wire being detected 12, through which a DC current 
flows for non-contact detection, is extended through. 
The core 11 is formed by, punching the soft magnetic 
material composed of a known permalloy and the like 
into a ring shape, and after predetermined heat treat- 
ment, laminating a plurality of sheets and disposing 
inside an insulation resin case. 

In Fig. 1, numeral 13 designates an exciting coil, 
which is wound in a toroidal shape around the core 1 1 .' 
Numeral 14 designates a detecting coil, which is 
wound in a toroidal shape around the core 1 1 as same 
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_ ' " ' : ; ' 1 ' -stant-current amplifier 22, and applies a oredeter- 

Han,cu„ ri> . t)y aaoptmc the configuration mined triangular waveform excitinq current S he Hp 
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to a pulse voltage detected by the detecting coit 14 to 
be described later 

In this configuration, when magnetic characteris- 
tics of the core 11 is as shown in Fig. 3(A), a triangular 
waveform exciting current i, which produces a mag- 5 
netic field exceeding a coercive force of the core 11 , 
is applied to the exciting coil 13. That is, when a cur- 
rent peak value is i p and the coercive force of the core 
11 is He, the peak value i p of the triangular waveform 
exciting current is set so as to obtain He « Nip//. 10 

Where, N represents the number of turns of the 
exciting coil 3, and represents a magnetic path length 
of the core 11 . The time variation of a magnetic field 
H in the exciting core 11 by the exciting current i is 
shown in Fig. 3(B). 15 

In the case where the electric current I is not flow- 
ing through the lead wire being detected 12, or in the 
case of I = 0, when the exciting current i increases and 
Ni// = He is established, or the exciting current i reduc- 
es and Ni// = -He is established, the direction of mag- 20 
netic flux in the core 11 is inverted rapidly, and an in- 
verse pulse voltage as shown in Fig. 3(C) is produced 
in the detecting coil 14 at inversion. 

Hereupon, when the coercive force (He) of the 
core 11 is symmetrical positively and negatively, re- 25 
gardless of the intensity of the coercive force (He), 
pulse intervals t 1t t 2 produced at the crest and trough 
of the triangular wave are equal (refer to Fig. 3(B) and 
Fig. 3(C)). 

In the case where the current I is flowing through 30 
the lead wire being detected 12 (I = l 0 ), since the mag- 
netic field (\q/I) is produced beforehand by the current 
I flowing through the lead wire being detected 12, be- 
sides the magnetic field produced by increment and 
decrement of the exciting current i as described 35 
above in the core 1 1 , when the magnetic fields are su- 
perposed and, as shown in Fig. 3(D), the exciting cur- 
rent i is incremented such that the magnetic field H in 
the exciting core 22 satisfies H = Ni// - yi = + He, or 
when the exciting current i is decreased such that 40 
magnetic field H in the exciting core 11 satisfies H = 
Ni//- \q/I = -He, the direction of the magnetic flux in the 
core 11 is inverted rapidly, and an inverse pulse vol- 
tage as shown in Fig. 13(E) is produced in the detect- 
ing coil 14 at inversion. 45 

In this case, even when the coercive force (He) of 
the core 11 is symmetrical positively and negatively, 
a difference < t 2 ) is produced in the pulse intervals 
t 1t t 2 produced at the crest and trough of the triangular 
wave (refer to Fig. 3(D) and Fig. 3(E)). However, when 50 
variation of the exciting current I per time is constant, 
and the absolute values of inclination at increment 
and decrement are same 

(di (increment)/dt = -di (decrement)/dt = constant), the 
electric current I flowing through the lead wire 12 be- 55 
ing detected is proportional to {(t 2 - ti)/(t 2 + t,)}. 

Thus, by measuring the correlation between the 
difference of pulse intervals t 1t t 2 and the electric cur- 
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rent I flowing through the lead wire being detected 12 
beforehand, the absolute value and the direction of 
the electric current I flowing through the lead wire be- 
ing detected 12 can be detected, by electrically meas- 
uring the pulse intervals t,, t 2 . 

For example, in the configuration shown in Fig. 1 , 
when a predetermined triangular waveform exciting 
current i is applied the exciting coil 13 from the power 
source portion 2 consisting of the function generator 
and the constant-current amplifier, and the electric 
current I is flowing through the lead wire being detect- 
ed 12, a pulse voltage corresponding to the absolute 
value of the electric current I is detected in the detect- 
ing coil 14 and finally a predetermined analog output 
can be obtained via the electric circuit 3. Fig. 2 shows 
the outline of electric signals at respective locations 
A to D in the electric circuit 3 shown in Fig. 1. 

Though the configuration, wherein the exciting 
coil 13 and the detecting coil 14 are wound around the 
core 11 independently, has been described above, 
since the exciting coil 13 and the detecting coil 14 are 
substantially wound in the same direction at the same 
location, and the aforementioned pulse voltage is 
also produced in the exciting coil 13, it is possible to 
use a function of the detecting coil 14 in common by 
the exciting coil 13 itself, by adding a circuit which 
takes out only the pulse component electrically. 

The DC current sensor of the present invention 
can be divided easily, because the construction of the 
core 11 is very simple. Thus, it is very easy to mount 
to the exciting lead wire being detected, largely ex- 
panding its use. 

Figs.4(A), (B) are respectively an explanatory 
plan view and an explanatory front view showing one 
embodiment of a DC current sensor of the present in- 
vention adopting a split-type core. 

A core 1 1 is constituted by a pair of core members 
11a and 11b forming substantially a C shape. Acom- 
mon coil 15, in which f unctions of an exciting coil and 
a detecting coil are used commonly, is wound only 
around one core member (11a side in the figure). 
Connection of the pair of core members 11a and 11b 
may be constituted to form depressions and protru- 
sions so as to be engaged smoothly one another in a 
body, by adjusting the amount of core productions at 
the opposing portions, as shown in the figure, before- 
hand. 

Thus, for disposing the wired lead being detected 
12 through the core 11 of the DC current sensor of the 
present invention, it can be easily accomplished by 
engaging the opposing portions in a body, after dis- 
posing the pair of core members 11a and 11b around 
the lead wire being detected 12 without cutting it. 
Also, since the common coil 15 is disposed only on 
one core member, and further, even when the exciting 
coil and the detecting coil are disposed independent- 
ly, a required measurement can be realized by dis- 
posing on one core member, and the possibility of 
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cutting the coil when connecting and integrating the 
pair of core members 11a and 11b is reduced, results 
in easy handling. 

Furthermore, the DC current sensor of the pres- 
ent invention is characterized in that, the measure- 5 
ment accuracy can be maintained even when adopt- 
ing the split-type core. That is, not a little magnetic 
gap is produced in the construction where the split- 
type core is assembled. For example, in the C-shap- 
ed clamp type configuration (a damp type tester), 10 
which can be operated by a single hand, in an elec- 
tromagnetic conversion type using a hall device (a 
method of detecting a magnetic flux density or a mag- 
netic flux amount), since the magnetic flux density 
produced in the core is reduced by the magnetic gap 15 
of a core contact portion, which is closed by means 
of a spring and the like, after disposing the lead wire 
being detected in the C-shaped core, thereby a meas- 
urement error is produced, though it is necessary to 
ciamp the core contact portion by means of a screw 20 
and the like to reduce magnetic resistance, the screw- 
ing method can to be adopted in the handy type, and 
the magnetic resistance changes by variations of a 
pressing force of the core contact portions, thus the 
stable measurement value can not be obtained. 25 

However, in the present invention, even when the 
split-type core is adopted, though the magnetic resis- 
tance increases at the contact and connecting portion 
of the core members, since the height of the puise sig- 
nal produced in the detecting coil only reduces, and 30 
positions by time or the inverse timing does not 
change at all, the detecting accuracy is influenced 
very little by dividing the core, and for example, by 
connecting an electric circuit which detects the pulse 
peak positions, the same measurement as the case 35 
of adopting the non-split-type core previously descri- 
bed can be realized, therefore, it is most suitable for 
use in the handy cfamp type as described above. 

The DC current sensor of the present invention 
described above is that, though an annular soft mag- 40 
netic material is indispensable as the core, it is desir- 
able to select the soft magnetic material responsive 
to an intensity of the electric current flowing through 
the lead wire being detected, or the detecting sensi- 
tivity, and the like required for the sensor. Usually, 45 
though permalloy is preferable when considering 
magnetic characteristics as well as the workability, 
the other known soft magnetic materials such as a sil- 
icon steel plate, amorphous, electromagnetic soft 
iron and soft ferrite may be used independently or in 



magnetic material, it is not limited to a so-called ring 
shape, the soft magnetic material may be just con- 
nected so as to constitute a closed electromagnetic 
circuit, and various configurations such as an oval 
ring shape, a rectangular frame shape and the like 
besides an annular shape, as shown, may be adopt- 
ed. 

Particularly, in the case of using the split-type 
core, it is preferable to select the number of splits and 
configuration of the connection, considering the loca- 
tion where the lead wire being detected is disposed, 
and the workability of assembling and integration of 
the core members, without being restricted to the 
configuration of the embodiment previously descri- 
bed. 

When necessary, the DC current sensor of the 
present invention is desirably covered by a shield 
case consisting of a permalloy or anisotropic silicon 
steel plate to prevent induction noises from mixing in, 

EXAMPLE 

A thin plate of 0.5 mm thick consisting of permal- 
loy C (78% Ni - 5% Mo -4% Cu - baFe) was punched 
into a ring shape of 45 mm outside diameter and 33 
mm inside diameter. The ring was heated in a hydro- 
gen gas atmosphere at 1100°C for 3 hours, and fur- 
ther, subjected to multi-stage cold treatment between 
600°C and 400°C at 100°C/hr, to prepare a core ma- 
terial constituting a DC current sensor of the present 
invention. 

Three sheets of core materials were laminated 
and disposed inside a case composed of insulation 
resin to obtain an annular core 11. 

An exciting coil 1 3 was prepared by winding a for- 
mal wire of 0.2 mm outside diameter in a toroidal 
shape around the core 11 by 100 turns. A detecting 
coil 14 was prepared by winding a formal wire of 0.1 
mm outside diameter in a toroidal shape by 1 00 turns. 
The exciting coil 13 and the detecting coil 14 were re- 
spectively connected to a power source portion 2 and 
an electric circuit portion 3 as shown in Fig. 1 to com- 
plete the DC current sensor of the present invention. 
Fig. 5 shows final output characteristics at the time of. 
after disposing a lead wire being detected 1 2 of 8 mm 
outside diameter consisting of a vinyl coating through 
the core 11, applying a triangular waveform current of 
50 Hz, i p = + 0.15 A to the exciting coil 13, and chang- 
ing a DC current (current being detected) applied to 
thp lead wir^ ► » - r > .. . HoVw-t^ > -1 



1 Aj '' • ' p< ,ss against current variations ,n 

r:e;,c materia! sheets in a body as the ert od.ment - a relatives wide range (an accuracy of • 2% was se- 
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was secured in the range of 0.1 A to 0.5 A), thus it can 
be adopted in various uses, particularly, the effect of 
the present invention can be effectively realized in 
control and maintenance of DC equipments. 

5 

Claims 

1. A DC current sensor comprising: a core consist- 
ing of an annular soft magnetic material, wherein w 
a lead wire being detected, through which a DC 
current flows for non-contact detection, is ex- 
tended through; an exciting coil and a detecting 

coil wound around said core in a toroidal shape; 
whereby a triangular waveform exciting current is 
which produces a magnetic field exceeding a co- 
ercive force of the core in said core is applied to 
said exciting coil, and an inverse timing of a di- 
rection of a magnetic flux in the core is detected 
by a pulse voltage produced in said detecting coil 20 
for comparison measurement of said pulse inter- 
vals, thereby an absolute value of the DC current 
flowing through the lead wire being detected is 
detected. 

25 

2. A DC current sensor in accordance with claim 1 , 
wherein functions of an exciting coil and a detect- 
ing coil are commonly used by one coil. 

3. A DC current sensor in accordance with claim 1 , 30 
wherein a core can be divided, at least, at one 
portion in a circumferential direction when dis- 
posing a lead wire being detected therethrough. 

4. A DC current sensor in accordance with claim 1 , 35 
wherein a core consisting of an annular soft mag- 
netic material is constituted by laminating a plur- 
ality of soft magnetic material sheets in a body. 

5. A DC current sensor in accordance with claim 1 , 40 

wherein a core consisting of an annular soft mag- 
netic material is composed of permalloy. 
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Fig, / 
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Fig, 2 
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